Introduction
Type 1 diabetes mellitus (T1DM) is a chronic lifelong disease, commonly diagnosed in youth, that requires strict multidisciplinary treatment for the patient's entire life. 1 Over the last decades, the incidence of T1DM has been increasing in most regions of the world. 2, 3 In the State of São Paulo in Brazil, the average annual incidence of T1DM between 1987 and 1991was 7.6 per 100 000. 4 Additionally, in the city of Bauru in the same state, the incidence of T1DM in children younger than 15 years, increased 9.6 times from 1986-2006, especially among children of low socioeconomic status between the ages of 5 and 9 years. 5 T1DM is associated with long-term complications that cause high morbidity and mortality, 6 affect the quality of life and increase health-care costs. 7, 8 In the Diabetes Control and Complications Trial (conducted from 1983 to 1993) and its follow-up study, known as the Epidemiology of Diabetes Interventions and Complications study (DCCT/EDIC), which assesses incidence, predictors of complications, and the impact and cost-effectiveness of intensive versus standard control, intensive control has been shown to reduce the development of microvascular and cardiovascular complications 2, 9 and to be cost-effective. 10 Nonetheless, approximately one third of the patients who participated in our study were not screened for chronic complications over the previous year and the majority did not meet metabolic control goals. 11 In the United States of America, average health expenditure is 2.3-fold higher for people with diabetes than for people without the disease. 8 In a study in Scotland, the hospitalization rate and inpatient costs among people with diabetes were 2.1-and 2.2-fold greater, respectively, than among the general population. 12 Most costing studies on diabetes include both T1DM and type 2 diabetes mellitus (T2DM), 8 or only T2DM. 13 Hence, little is known about the impact of T1DM alone. 12 Although previous studies have investigated the costs associated with diabetes in Brazil, 7, 14 the impact of T1DM alone has never been assessed.
The objective of this study was to perform a partial economic evaluation of the direct medical costs of T1DM, from the public health-care system's perspective, in a representative sample of patients attending the public health-care system in Brazil. We also aimed to identify and quantify the contribution of individual determinants to the total direct costs. Data on the use of resources and on the costs of T1DM from the public health-care system's perspective will allow health-care providers to better understand the effects of the disease, define management strategies and appropriately allocate resources.
Methods

Study design
This study was a retrospective, cross-sectional cost-of-illness study conducted nationwide at multiple centres between December 2008 and December 2010. The centres were 28 Brazilian secondary and tertiary public care clinics located in urban centres in four geographic regions of Brazil: north/ north-east, mid-west, south-east and south. All patients received health care from the National Brazilian Health Care
Objective To determine the direct medical costs of type 1 diabetes mellitus (T1DM) to the National Brazilian Health-Care System (NBHCS) and quantify the contribution of each individual component to the total cost. Methods A retrospective, cross-sectional, nationwide multicentre study was conducted between 2008 and 2010 in 28 public clinics in 20 Brazilian cities. The study included 3180 patients with T1DM (mean age 22 years ± 11.8) who were surveyed while receiving health care from the NBHCS. The mean duration of their diabetes was 10.3 years (± 8.0). The costs of tests and medical procedures, insulin pumps, and supplies for administration, and supplies for self-monitoring of blood glucose (SMBG) were obtained from national and local health system sources for 2010-2011. Annual direct medical costs were derived by adding the costs of medications, supplies, tests, medical consultations, procedures and hospitalizations over the year preceding the interview. Findings The average annual direct medical cost per capita was 1319.15 United States dollars (US$). Treatment-related expenditure -US$ 1216.33 per patient per year -represented 92.20% of total direct medical costs. Insulin administration supplies and SMBG (US$ 696.78 per patient per year) accounted for 52.82% of these total costs. Together, medical procedures and haemodialysis accounted for 5.73% (US$ 75.64 per patient per year) of direct medical costs. Consultations accounted for 1.94% of direct medical costs (US$ 25.62 per patient per year). Conclusion Health technologies accounted for most direct medical costs of T1DM. These data can serve to reassess the distribution of resources for managing T1DM in Brazil's public health-care system.
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System (NBHCS)
. We determined the number of patients enrolled in the study in each region on the basis of the estimated prevalence of T1DM in Brazil and the population density in each geographic region. Since patients with T1DM in Brazil are usually treated at secondary or tertiary centres, primary care centres were not included in the study. Each clinic provided data from at least 50 consecutive outpatients with an initial diagnosis of T1DM who regularly attended the clinic. Data were collected through interviews during clinic visits using a chart form. The detailed methods have been described elsewhere. 11 Written informed consent for the study was obtained from all patients aged 18 years or older or from the parents or guardians of patients younger than 18 years. The study was approved by each local centre's ethics committee. Only patients who had had at least 12 months of follow-up at the centre were included in the cost-of-illness study. This inclusion criterion allowed us to quantify the variables required to determine costs over the year that preceded the study.
Clinical and demographic variables
We obtained demographic data and data on economic status and defined economic status according to the Brazilian Economic Classification Criteria, 15 used to estimate the purchasing power of urban individuals and families and to classify the urban population into economic strata. These criteria provide scores based on the ownership of items and educational level. 15 We defined the duration of the diabetes as the time elapsed since the diagnosis.
During the clinic interviews we obtained information on diabetic treatment modalities; source of insulin pumps, medications and supplies for self-monitoring of blood glucose (SMBG); frequency of SMBG, and routine diabetes care. We obtained the following information from medical records: total number of glycated haemoglobin (HbA1c) measurements over the prior year, fructosamine levels, fasting and 2-hour postprandial glycaemia, total cholesterol, low-density lipoprotein (LDL), high-density lipoprotein (HDL), triglycerides, uric acid, plasma creatinine, plasma urea, sodium, potassium, liver enzymes (aspartate [AST] and alanine aminotransferase [ALT]), C-reactive protein (CRP), thyroid-stimulating hormone (TSH), urine protein and urine albumin. We recorded the number of tests performed to screen for complications of diabetes, such as electrocardiograms, exercise stress tests, stress echocardiographs, calcium score tomographies, coronary artery angiographs and fundoscopies. We also analysed the frequency of various medical procedures, such as vitrectomy, laser therapy and haemodialysis, and of hospitalizations due to diabetes decompensation or ketoacidosis.
Costs and health-care resource distribution
We calculated direct medical costs from the costs of medications (oral drugs and insulin), SMBG supplies, blood analysis and other tests, consultations with physicians, nurses and dietitians, medical procedures and hospitalizations during the preceding year. The drugs included in the analysis were those used specifically to treat T1DM or its comorbidities (arterial hypertension, dyslipidaemia, obesity) and related complications (diabetic nephropathy/ chronic renal failure, neuropathy and neuropathic pain, retinopathy, cardiovascular disease). We also included the costs of the nutritional supplements given to patients with chronic renal failure or neuropathy, such as calcium, vitamin D and vitamin B12. In the case of drugs provided by public institutions, we obtained the costs from the web site of the Brazilian Ministry of Health 16 ; for drugs that were privately acquired, we used the average price found in three nationwide pharmaceutical web sites. These privately-acquired drugs include medications or supplies that are not standardized by the health system. When the price varied by region, we calculated an average cost. We obtained the costs of tests and medical procedures from a 2010-2011 NBHCS source that gives the prices used to reimburse public health-care units. The cost of insulin pumps and administration supplies was based on what the Municipal Health Bureau of Rio de Janeiro (RJ-SMS) paid in May 2010 (Roche ® ). We determined the costs of SMBG supplies from what the RJ-SMS paid in April 2011 or, when privately acquired, by calculating the mean costs for three nationwide pharmaceutical companies.
We converted all costs to United States dollars (US$) using a conversion rate of US$ 1.00 = 1.9315 reais, which was the average for the period from 2008 to 2010.
Data storage and statistical analysis
We used Excel 2010 for Windows to store the data and we performed the statistical analysis with SPSS version 17.0 (SPSS Inc., Chicago, United States of America). The data are presented in Table 1 as count (percentage), mean ± standard deviation (SD) and median followed by its interquartile range. The costs are presented as means with their 95% confidence intervals (CIs). We log-transformed the non-normally distributed variables and compared means using t-tests or ANOVA.
Results
Of the 3591 patients initially evaluated, 3180 were included in this study. The study population consisted of 56.3% females and 57.4% Caucasians. The average age was 22 years (SD: ± 11.8) and average disease duration was 10.3 years (SD: ± 8.0). Table 1 shows the demographic and economic data pertaining to the study population.
The overall direct medical cost per capita was US$ 1319. Table 2 .
The direct medical costs associated with T1DM, stratified by patients' demographic characteristics, are presented in Table 3 . We found no significant differences in costs by sex and age range. However, the longer the duration of the diabetes and the higher the socioeconomic status, the higher the costs. Costs showed a significant 1.56-fold increase between diabetes of less than 5 years' duration and diabetes whose duration was 15 years or longer. Similarly, costs
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were a significant 1.65 times higher among patients in the high socioeconomic stratum than among patients in the socioeconomic stratum classified as very low.
Discussion
This study is the first to estimate the direct medical costs of T1DM in a Brazilian sample of patients. T1DM represents an average cost of US$ 1319.15 per patient for the NBHCS. Importantly, most expenditures were related to therapy, largely insulin, and to SMBG supplies, which are items that all patients with T1DM require. These requirements may explain why the per capita medical costs calculated in this study are higher than the costs found in studies that have mostly 7 or exclusively included T2DM patients, 13 who use insulin far less often than patients with T1DM. In 2007 in the United States, young insulin-treated patients in the private health-care system faced costs that were 1.64 times higher than those faced by patients who were not treated with insulin. The expenditure on diabetes supplies was 10 times higher among insulin-treated patients than among patients not treated with insulin. Regardless of the treatment modality, outpatient expenditures constituted the largest total expenditure (43 and 58% for insulin-treated and noninsulin-treated youths with diabetes, respectively), followed by prescription drugs other than insulin (39 and 26%, respectively) and inpatient expenditures (18 and 17%, respectively). 17 These findings are consistent with ours because medications and blood glucose monitoring accounted for the largest fraction of the direct costs in our study.
As shown, treatment technologies accounted for most public expenditure; human resources accounted for little expenditure. These differences in the apportionment of Brazilian public health resources must be carefully examined because more money is being spent on SMBG supplies than on physician and dietitian consultations and nurse counselling. These findings point to the need to pay greater, more logistical and financial attention to the integral health assistance model, which involves investing in a multidisciplinary team and focusing on health education and on the rational and effective use of the procedures and technologies available. The complex treatment of T1DM, which requires vigilance and frequent monitoring, underscores the importance of the physician-patient relationship in establishing a partnership conducive to better treatment adherence. In fact, despite the high cost of SMBG, most patients in our sample had inadequate metabolic control, as found in previous studies. 11, 18 Factors other than effective SMBG are known to influence metabolic control, but it is clear that access to a given technology does not guarantee its correct use by the patient or good adherence to recommendations. Continued education is helpful but depends on the availability of capable staff trained for this purpose.
In a study of the costs associated with diabetes in Latin America, approximately US$ 607 were spent per patient annually, on average, in Chile and Mexico, whose gross national products are roughly equal to that of Brazil. 7 In this study, however, cost estimates were based on a standard generalized protocol that included three visits to a general practitioner, one visit to an ophthalmologist, one HbA1c test, one lipid profile, one electrocardiogram, one urine test (for proteinuria), and treatment with insulin or oral drugs. Thus, the results do not reflect actual individualized clinical expenditures, and costs may have been underestimated. In Brazil, the direct costs per capita and the overall health expenditure associated 
with diabetes per capita were US$ 872 and US$ 270, respectively. 7 In Brazil, the costs of certain drugs for diabetes and hypertension are fully subsidized by the public sector; the federal government co-subsidizes private sector expenses through the Programa Farmácia Popular do Brasil (Brazilian Popular Pharmacy Programme), developed by the health ministry. The public system also provides SMBG supplies, but not always in the amount needed or recommended for optimal patient monitoring and seldom uniformly across cities. Moreover, because the medications available through this programme do not always meet the patient's needs, some treatment costs must be paid by the patient or his family. Therefore, diabetes drugs and supplies can take up a substantial fraction of a family's income. Given that in 2009 the average Brazilian household had 3.1 members (4.2 if in the poorest socioeconomic category), any increase in household expenditures could undermine a family's quality of life. 19 Approximately 68% of the participants in our study were of low or very low economic status. To save money, these individuals may use their supplies inappropriately (e.g. they may reuse disposable supplies, use lower doses of medication or perform SMBG less often than recommended by clinical diabetes monitoring and treatment guidelines). As our results showed, the costs associated with diabetes are greater among patients of higher economic status. For patients of very low and low economic status, costs are 65% and 39% lower than for patients of high economic status. This may be because people of a higher educational level may seek and adhere to more complex and expensive therapeutic regimens.
A study conducted in Israel in the 1990s projected the estimated costs of T1DM over a 35-year period. 20 The results indicated that early in the disease, basic treatment accounts for approximately 70% of total expenditures. However, in the later stages the costs associated with the complications of diabetes increase substantially. 20 In the present study, the per capita costs rose with the duration of the diabetes. Patients who had had diabetes longer than 15 years had costs about 56% higher than those who had had the disease for less than 5 years. It is reasonable to assume that disease-related expenditures will rise in future years since costs increase in proportion to the duration of the diabetes and the incidence of T1DM is increasing among younger age groups. 3 To date, no national multicentre epidemiological studies on the prevalence or incidence of T1DM have been conducted and the actual and future impact of the disease Evaluating the costs associated with diabetes becomes increasingly important in light of the expected increase in the prevalence of the disease and its complications. In the present study, the costs of type 1 diabetes increased in proportion to the duration of the diabetes. This increase may have an impact on health spending in the future because chronic complications become more prevalent as diabetes progresses. In a Canadian study, 21 the impact of diabetes was projected over a 16-year period. It found a projected increase in the number of diabetes patients from 1.4 to 2.4 million and a projected 75% increase in health-care costs. However, the expected prevalence of diabetes and the costs associated with the disease increased in parallel with the ageing of the population; the overall health-care costs for the youngest members of the population are not expected to increase substantially. Despite this projection, data from the Centers for Disease Control and Prevention in Atlanta, United States, indicate that annual health-care costs among youths with diabetes are six times higher than among youths without diabetes. 22 Intervention studies, such as the DCCT, have shown that intensive treatment during the early stages of T1DM reduces the risk of microvascular and macrovascular complications. 2 Clinical and economic trials can furnish data that can guide economic policy decisions aiming to reduce direct costs by reallocating resources towards the prevention of acute and chronic complications.
To our knowledge, this study is the first one in Latin America to estimate the costs associated with T1DM using data obtained from medical records. It is representative of the distribution of T1DM in Brazil and included different ethnic and socioeconomic groups from all parts of the country.
Some limitations must be addressed. The data used in this study were acquired from medical record reviews; thus, if any data were missing from the records, a data collection bias would have led to an underestimation of the costs. Also, comparisons with studies conducted in other countries are hampered by the use of different currencies. Indeed, inflation and exchange rate differences may account for some of the discrepancies. Furthermore, the real costs of hospitalization for hyperglycaemia or diabetic ketoacidosis exceed the amount paid by the NBHCS, which probably reimburses little more than the costs of medications and laboratory tests and excludes daily hospital stay and staff labour costs (data not shown). This, plus the fact that reimbursement by the NBHCS for medical and non-medical visits and procedures is low, could have led to an underestimation of the direct medical costs associated with diabetes from the perspective of the public health-care system in Brazil.
In conclusion, T1DM has an important economic and social impact on the health-care system in Brazil. The direct costs associated with the disease are high, especially those associated with drug treatment and supplies for insulin administration and SMBG. These findings should encourage a reassessment of the distribution of resources for managing T1DM and trigger cost-effectiveness studies to optimize the long-term treatment of T1DM in Brazil. ■ Conclusion Les technologies de la santé ont constitué la majeure partie des coûts médicaux directs du DT1. Ces données peuvent être utilisées pour réévaluer la distribution des ressources pour la prise en charge du DT1 par le système de santé publique brésilien.
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Резюме
Расходы на лечение сахарного диабета 1-го типа: национальное многоцентровое исследование в Бразилии Цель Определить уровень прямых медицинских расходов, связанных с сахарным диабетом 1-го типа (T1DM), в Национальной системе здравоохранения Бразилии (NBHCS) и количественно определить долю каждого отдельного компонента в общей сумме расходов. Методы В 2008-2010 гг. было проведено ретроспективное, перекрестное, национальное многоцентровое исследование в 28 государственных клиниках в 20 городах Бразилии. В исследовании участвовало 3180 пациентов с T1DM (средний возраст: 22 года ± 11,8), опрошенных во время прохождения лечения в Национальной системе здравоохранения Бразилии. Средняя продолжительность заболевания диабетом у этих пациентов составляла 10,3 лет (± 8,0). Данные по стоимости тестов и медицинских процедур, дозаторов инсулина и расходных материалов, а также материалов, шприцев и игл для самостоятельного контроля уровня глюкозы в крови (SMBG) были получены из национальных и местных источников системы здравоохранения в течение 2010-2011 гг. Ежегодные прямые медицинские расходы рассчитывались методом сложения стоимости медикаментов, расходных материалов, тестов, медицинских консультаций, процедур и госпитализации за год, предшествующий опросу. Результаты Среднегодовые прямые медицинские расходы на душу населения составили 1319,15 долларов США. Затраты на лечение -1216,33 долларов США на пациента в год -составили 92,20% от общих прямых медицинских расходов. На самостоятельный контроль уровня глюкозы в крови и расходные материалы для ввода инсулина (696,78 долларов США на пациента в год) приходилось 52,82% от этой общей суммы расходов. Медицинские процедуры и гемодиализ в совокупности составили 5,73% (75,64 долларов США на пациента в год) от прямых медицинских расходов. На консультации приходилось 1,94% прямых медицинских расходов (25,62 долларов США на пациента в год). Вывод Основная доля прямых медицинских расходов на лечение T1DM приходилась на медицинские технологии. Эти данные могут способствовать пересмотру распределения ресурсов для лечения T1DM в государственной системе здравоохранения Бразилии.
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Resumen El coste de la diabetes tipo 1: un estudio multicéntrico a nivel nacional en Brasil
Objetivo Determinar los costes médicos directos de la diabetes mellitus de tipo 1 (DMT1) para el sistema nacional brasileño de atención sanitaria (NBHCS, según sus siglas en inglés) y cuantificar la contribución de cada componente individual al coste total. Métodos Se llevó a cabo un estudio multicéntrico retrospectivo transversal a nivel nacional entre los años 2008 y 2010 en 28 clínicas públicas de 20 ciudades brasileñas. El estudio incluyó 3180 pacientes con DMT1 (edad media de 22 años ± 11,8), que fueron entrevistados mientras recibían atención sanitaria del NBHCS. La duración media de su diabetes fue de 10,3 años (± 8,0). Los costes de las pruebas y procedimientos médicos, las bombas de insulina y provisiones para la administración, así como suministros para la automonitorización de la glucosa en sangre (AMG) se obtuvieron de las fuentes de los sistemas de salud nacionales y locales para el periodo 2010-2011. Los costes médicos directos anuales se obtuvieron sumando los costes de los medicamentos, suministros, pruebas, consultas y procedimientos médicos y hospitalizaciones durante el año anterior a la entrevista. Resultados El coste medio directo anual por cápita fue de 1319,15 dólares americanos (US$). Los gastos relacionados con el tratamiento, US$ 1216,33 por paciente y año, representaron el 92,20% del total de los costes médicos directos. Los suministros para la administración de insulina y la AMG (US$ 696,78 por paciente y año) significaron el 52,82% de esos costes totales. En conjunto, los procedimientos médicos y la hemodiálisis representaron el 5,73% (US$ 75,64 por paciente y año) de los costes médicos directos. Las consultas fueron el 1,94% de los costes médicos directos (US$ 25,62 por paciente y año). Conclusión Las tecnologías sanitarias representaron la mayoría de los costes médicos directos de la DMT1. Estos datos pueden servir para volver a examinar la distribución de los recursos para la gestión de la diabetes de tipo 1 en el sistema de salud pública de Brasil.
